Abstract. Almost global in time existence of solutions for equations describing the motion of a magnetohydrodynamic incompressible fluid in a domain bounded by a free surfaced is proved. In the exterior domain we have an electromagnetic field which is generated by some currents which are located on a fixed boundary. We prove that a solution exists for t ∈ (0, T ), where T > 0 is large if the data are small.
Introduction.
In this paper we prove the existence of almost global in time solutions for small data to equations describing the motion of a magnetohydrodynamic incompressible fluid in a domain Ω t ⊂ R 3 bounded by a free surface S t . In the domain D t ⊂ R 3 which is exterior to Ω t we have a gas under constant pressure p 0 . Moreover in the domain D t we have an electromagnetic field which is generated by some currents which are located on a fixed boundary B on D t .
In the domain Ω t the motion is described by the following problem:
(1.1)
where Ω T = 0≤t≤T Ω t × {t}, v = v(x, t) is the velocity of the fluid, p = p(x, t) is the pressure,
is the external force field per unit mass, µ 1 is the constant magnetic permeability, σ 1 is the constant electric conductivity,
is the electric field, and
is the stress tensor, where ν is the viscosity of the fluid. Moreover, by
we denote the dilatation tensor. In the domain D t which is a dielectric (gas) we assume that there is no fluid motion inside (v = 0). Therefore we have only the electromagnetic field described by the following system:
we assume the following transmission and boundary conditions:
where S T = 0≤t≤T S t × {t}, n is the unit outward vector to Ω t and normal to S t , τ α , α = 1, 2, is any tangent vector to S t , φ(x, t) = 0 describes S t at least locally.
Next we assume the boundary conditions on B:
Finally, we assume the initial conditions (1.7)
To prove existence of solutions to the above problem we introduce the Lagrangian coordinates ξ ∈ Ω. They are the initial data for the Cauchy problem
To introduce the Lagrangian coordinates in D t we extend v onto D t . Let us denote the extended function by v . Then we define ξ ∈ D to be the Cauchy data for the problem
Since S t is determined at least locally by the equation φ(x, t) = 0, S is described by φ(x v (ξ, t), t) |t=0 = 0. Moreover we have
To simplify considerations we introduce the following notation: 
where ϕ, ψ are sufficiently regular with ϕ(x, T ) = ψ(x, T ) = 0, and n v is the unit outward vector normal to S or B. In (2.1), (2.2) we use the notation Aξ, t) = A(x v (ξ, t), t),
Hence we get 
4)
H is a given function. We write (1.5) 1 in the form nT(v, p ) = 0, where p = p + p 0 . Then from Lemmas 3.1-3.9 of [2] we get Remark. In (2.5)-(2.11) we use the inequalities 
